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Abstract:

The Collatz conjecture is a conjecture that states that for any natural number n, the
following operation will always result in 1:

If nis even, divide it by 2.

If nis odd, multiply it by 3 and add 1.

However, it is still an open question whether this conjecture is always true or not.
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Introduction:

First of all, (2x+1)*2”y can represent all positive integers when x and y are natural
numbers.

The commonality among all even numbers, except for the number 2, is that they
have the common factors of 1 and 2. According to the Collatz conjecture, these
common factors of 2 are removed by dividing by 2 until they are completely
eliminated. Eventually, only the number 1 remains after all the factors of 2 have been
removed, and this process of dividing by 2 is repeated infinitely.

Odd numbers, on the other hand, result in a sequence of numbers in the form of
6k+4 through the calculation of 3n+1. The sequence of 6k+4 consists of 2”n (where
n is a natural number), odd numbers, and multiples of 2”n. If this process is
repeated, a sequence of numbers composed of only 2”n will be generated, which is
not in the form of 6k+4.

The factors of 2~n consist of 1 and 2, and dividing by 2”n n times will ultimately
result in only 1 remaining.



Proof:

When (2x+1)*2y is even, dividing it by 2 leaves 2x+1, which is odd. Then, after
applying the 3n+1 operation, 2x+2 is obtained, which can be divided by 2 to become
x+1. Therefore, 2x+1 follows the 6k+4 sequence, and only the powers of 2 (i.e.,, 2”n
where n is a natural number) that are part of the 6k+4 sequence remain after the
operation is repeated until convergence to 1, with the final term being 4, which is
divided by 2 to converge to 1.

1When (2x+1)*2”y is odd, applying the 3n+1 operation yields a sequence that also
follows the 6k+4 pattern. Again, only the powers of 2 that are part of the 6k+4
sequence remain after the operation is repeated until convergence to 1, with the final
term being 4, which is divided by 2 to converge to 1.

Additional explanation for (2x+1)*2/y: (2x+1)*2”y can express all positive integers
when x and y are both natural numbers. This is because the range of x and y includes
all natural numbers. Therefore, if we consider all natural numbers as the target of the
Collatz Conjecture, we can express all numbers with this formula.

Additional explanation for the 6k+4 sequence: If (2x+1)*2y is odd, then the value of
3n+1 becomes even. Since it can be divided by 2, 3n+1 becomes divisible by 4. This
can be expressed as 3n+1 = 4k = 2(2k), and 3n+1 has a sequence of 6k+4.

In addition, when n is a natural number, 22n is a subset of 6k+4.

conclusion

Therefore, it can be shown that the Collatz Conjecture holds true for both even and
odd cases of (2x+1)*2y, which leads to the proof that the Collatz Conjecture is true.
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